Allozyme frequencies at five enzyme loci were determined for 14 California populations of Avena barbata, a species introduced to California from the Mediterranean Basin during the colonization of North America. Allelic frequencies at these loci were also determined in Mediterranean collections of this species. The pattern of divergence of the California populations from the ancestral gene pool was not random and was strongly correlated with environment; thus, the pattern is not in accord with the hypothesis that most electrophoretically detectable variants are adaptively neutral. Rates of gene substitution in California were also not in accord with the neutrality hypothesis. The observations are, however, compatible with predictions of Neo-Darwinian evolutionary theory. We interpret these observations to indicate that natural selection plays a major role in determining the unique patterns of distribution of genetic variability in the slender wild oat in California.
A substantial body of evidence indicates that organisms as different as man and predominantly self-pollinating species of plants are extensively polymorphic for a high proportion of genetic loci that govern protein variants detectable by electrophoresis (1) (2) (3) (4) (5) . The existence of such large amounts of genetic variability is inconsistent with some population models because, according to these models, the maintenance of so much genetic variability by selection would impose intolerable genetic loads on populations. To circumvent this problem, proponents of such models have proposed that a considerable proportion of amino-acid substitutions in proteins are irrelevant to function and, hence, do not contribute to genetic load because they are selectively neutral (6) (7) (8) .
The neutrality hypothesis leads, fortunately, to several quantifiable predictions that relate mutation rates and migration rates to effective population size and, thus, to expected patterns of allelic distribution among local populations, and also to evolutionary rates (9, 10) . In particular, neutrality models lead to the prediction that frequencies of neutral alleles should be uncorrelated in reproductively isolated populations, and to predictions regarding rates at which frequencies of neutral alleles are expected to diverge among such populations. The slender wild oat species, Avena barbata, is exceptionally well suited for experimental tests of these two predictions. This species was introduced into California during the Spanish period, and it has since become established as a prominent component of grassland and oak savannah communities throughout the state (11) . Thus, the maximum time that any local population has existed cannot exceed 400 years, and the composition of the ancestral gene pool from which the California populations orginated can also be inferred from Mediterranean collections of the species. We have estimated allelic frequencies for five enzyme loci in 14 local populations of A. barbata from different ecogeographical regions of California to determine how much genetic divergence has occurred since this species was introduced to the state. We have also assayed nine collections of A. barbata from the Mediterranean Basin to determine the composition of the ancestral gene pool. The results establish, contrary to predictions of the neutral model, that the distribution of genetic variability at these loci in California is nonrandom and is strongly correlated with environment. Rates of differentiation among populations are also not in accord with predictions based on the drift of neutral alleles. Our analysis of the results leads us to the conclusion that natural selection, operating in different ways in different environments, is the main factor responsible for the observed patterns of genic variability in A. barbata.
MATERIALS AND METHODS
The sampling strategy adopted in California was to select populations for study at intervals of about 120 km on a northsouth transect from San Diego on the south to Redding on the north (see Fig. 1 
* The number denotes the allozyme whose frequency is tabulated.
exceptional uniformity of Region I (D slightly larger than zero as a result of minor polymorphism at one locus in the San Fernando population) is expected under the neutral model, provided it is assumed that all introductions to this region included only one genotype, specifically the single seven-locus genotype characteristic of the region. This assumption appears to be untenable, however, on two counts. First, if we consider that the California gene pool as a whole received a near random sample of genetic variability from the Mediterranean, it seems highly unlikely that only a single genotype, particularly one that apparently does not occur in the ancestral gene pool, was introduced into Region I. Second, it is known that A. barbata has frequently been transported between Regions I and II as a result of agricultural activities, so providing recurring opportunities for migration from the diversity of Region II into Region I. Such migration is also at variance with the assumption that no more than one genotype has been introduced into Region I. When values of a are computed for Region II, with the same assumptions as above that Io = 1 and t = 150 years, nearly all estimates for pairs of populations exceed 1 X 10-3, and a for the region is 2.4 X 10-g. However, the value of Io may be smaller than unity in some cases due to founder effects; it is also possible that some of the populations studied have been isolated reproductively for more than 150 years. To obtain minimum estimates of a we have assumed: (i) that NX = NY = 1 at time of divergence; (ii) that J~, = 0.6, so that Io = 0.75; and (iii) that t = 400 years. Even under these extreme assumptions, values of a are greater than 1 X 10-i for the majority of population pairs in the region, i.e., at least 100 times larger than the measured mutation rate for electrophoretically detectable variants in grasses. This result, thus, points strongly to the conclusion that divergence in Region II has been more rapid than is predicted by the neutral model, even when allowance is made for possible effects of the small number of loci studied on the estimates of a.
DISCUSSION
The distribution of allozyme frequencies of A. barbata in California is difficult to reconcile with the hypothesis that electrophoretically detectable variants are adaptively neutral. Region I is too uniform and Region II is too highly differentiated for their genetic patterns to have been established by sampling accidents. Explanations that attempt to account for the distribution of genetic variability in California on the basis of the drift on neutral alleles become highly convoluted, because they must take into account both the contrasting patterns of differentiation in the two regions and also the fact that the California gene pool represents a nearly random sample from the ancestral Mediterranean gene pool of this species. In particular, such explanations require the assumption that migration was on a random basis into one region and on a nonrandom basis into the other region, an assumption that is at variance with botanical history. Such explanations also require the biologically unreasonable assumption that mutation rates differ in the two regions.
Neo-Darwinian evolutionary theory appears to offer a more economical explanation of the observations. A. barbata was introduced through numerous colonizing episodes that brought to California a representative sample of the rich Mediterranean gene pool (11) . The frequent migrations from place to place that characterize the population biology of this species in California allowed repeated tests of the adaptiveness of numerous gene combinations in the full range of new environments available to the species. During this period of genetic experimentation, a genotype appeared that was highly adapted to the warmer more arid habitats; it soon became almost the exclusive genotype in Region I. Another genotype highly adapted to mesic habitats also evolved that became predominant in the cooler moister areas of Region II, such as the Lick 2 site. In a study of the spatial distribution of gene frequencies within environmentally heterogeneous sites in Region II, Hamrick and Allard (unpublished results) found that extreme differentiation occurs over very short distances. They also found parallelisms between gene frequencies and environment that featured monomorphism for the genotypic combination of Region I in the most xeric areas of their sites, monomorphism for the mesic (Lick 2) genotypic combination in the most mesic parts of their sites, and polymorphism in which gene frequencies were correlated with degree of aridity in environmentally intermediate subsites.
This remarkable correspondence between gene frequency and environment on both macro-and microgeographical scales leads us to the conclusion that selection played a major role in molding the random sample of genes received from the ancestral gene pool into the unique patterns that developed so rapidly in California.
What maintains the polymorphisms observed in the great majority of populations in Region II? Studies of several populations (15) have revealed a consistent excess of heterozygotes over expectations based on the assumption of neutrality, leading to the conclusion that the polymorphisms are maintained by some sort of balancing selection. Such selection was also revealed by further analyses of the data of the present study; upon dissection of this selection into viability and fertility components, we found that the selective differential results almost entirely from viability rather than from fertility selection (unpublished results). In a detailed study of multilocus allozyme polymorphisms in A. barbata, Babbel and Allard (unpublished results) have found nonrandom associations among alleles at different loci of types that lead to balancing selection and have concluded that epistatic interactions among alleles at different loci play an important role in the maintenance of genetic variability in A. barbata.
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